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Dyke and Budge: Human Red Cells Landsteiner observed that the blood group of a child might be quite different from that of its mother. Decastello and Sturli (1902) [31 confirmed these findings, but found four persons in their series of 155 who fell into none of Landsteiner's three groups. From the paper it is obvious that these four persons belonged to what is now known in this country as Group I, but the significance of their observations was not appreciated by these workers. They were the first to demonstrate by absorption tests the correctness of Landsteiner's hypothesis so far as the three then recognized groups were concerned.
It was not until another five years had elapsed that the significance of Decastello and Sturli's four unplaced individuals was recognized by Jansky (1907) [4] . In a series of his own, he met with similar bloods which could be allocated to none of Landsteiner's three groups, and recognized that in them he was dealing with blood of the constitution-Corpuscles A and B. Serum 0. This group he described as No. IV. Since his time no further type of blood has been observed, and it would seem, on the present evidence, that the blood of all human beings falls into one of the four groups which Jansky described as follows:- This classification places as Group I what is usually known in this country as Group IV and vice versa. This is due to the fact that here the nomenclature adopted by Moss (1910) [5] is still in vogue. Moss recognized the four groups of blood independently of Jansky, but explained their constitution in a different manner.
Moss's hypothesis postulates three agglutinable substances in the corpuscles and three corresponding agglutinins in the serum. It may be expressed schematically as follows:- Moss's suggestion is, on the face of things, as good an explanation of the interaction of the corpuscles and sera of the various groups as that of Landsteiner. The readiest means'of ascertaining which of the two suggestions is correct is by the absorption of the agglutinins of the sera by their appropriate corpuscles. The test case is that of Group I (Jansky), IV (Moss). According to Landsteiner and Jansky serum of this group should contain the agglutinins a and b; absorption of this serum by corpuscles of Group II bearing the agglutinable substance A, or of Group III bearing the substance B, should in each case leave one agglutinin behind; in the first case b, and in the second a, while absorption by corpuscles of Group I (Moss), IV (1922) [9] have amply confirmed for this and all other cases the correctness of the view of Landsteiner and Jansky as to the constitution of the groups. Although Jansky's classification has the priority, that of Moss has hitherto been in use in this country, and has been used by one of us (Dyke) [ From what has been said above it is evident that in their appearance in the blood, the agglutinable properties A and B and their respective agglutinins a and b behave as reciprocals. When A alone is present in the corpuscles b alone appears in the serum, as in a Group II blood; when B appears in the corpuscles, a is present in the serum, and the result is a blood of Group III; when both A and B are present in the corpuscles, as in Group I, neither agglutinin appears in the serum: and when both are absent from the corpuscles, as in Group IV, both agglutinins appear in the serum.
RATIONALE OF GROUPING TESTS.
On these facts is based the method of determining the presence or absence of the agglutinable properties A and B of the corpuscles, and consequently the blood groups, in any case. For this purpose sera of known Groups II and III only are required. Since serum of Group II bears the agglutinin a and that of III b, it follows from the above that corpuscles of Group I will be agglutinated by both the II and III sera; those of Group II by the III serum only; those of Group III by the II serum only, and those of Group IV by neither. Certain details as to the actual technique are given below.
THE FACTORS IN INHERITANCE.
Von Dungern and Hirschfeld, on studying the inheritance of Landsteiner's agglutinable properties A and B, found that they never appeared in the offspring without having been present in the parents. On their evidence they concluded that they behaved as Mendelian dominants. As in the case of Mendel's sweet peas, the dominant Long formed one half of an allelomorphic pair with the recessive Not-Long or Short, so they concluded that A and B constituted ea-ch one half of an allelomorphic pair, of which the other halves were Not-A and Not-B. But they pointed out that Not-A and Not-B are not negative qualities but, on the contrary, are represented by the reciprocal agglutinins of the serum, called by them a and /3, but referred to hereafter as a and b. Thus, as in the case of Mendel's sweet peas, an individual showing the dominant Long might still bear, hidden in its gametic complex, the recessive Short, and might thus have short offspring, so an individual showing the dominant A (Group II) might still bear, hidden in his or her gametic constitution, the recessive a; if present in such an individual, this would not be expressed in his serum, but might appear in the offspring.
For a full understanding of this point, it is necessary to bear in mind the difference between an individual and a gamete. A Group II individual has the formula Corpuscles A, Serum b. Granted that this individual is of a pure race or homozygous, segregation of the factors in the production of the gametes will proceed in such a way as to produce gametes of the formula A b only.
Supposing, however, that the individual is not homozygous, but hybrid or beterozygous, then the recessive b will be present but masked in the individual Dyke and Budge: Human Bed Cells by the dominant A. The expressed formula of such an individual will be Ab, but the actual formula will be Ab(a), and in formation of the gametes segregation will take place in such a way as to produce gametes of the formula Ab and ab. Matings of two such Group II individuals may give rise to zygotes of the formule Ab Ab (homozygous Group II), Abab (heterozygous Group II) or abab (Group IV). Learmonth (1920) [11] made observations on 180 individuals belonging to forty families, and found only one exception to von Dungern and Hirschfeld's hypothesis. Learmonth, in accordance with usage of workers on heredity, designated the dominant agglutinable properties A and B and their allelomorphic recessives a and b, this being the nomenclature adopted in the present paper.
Further confirmatory evidence has been produced by Ottenburg (1921-2) [12] [13] in America.
AUTHORS' DATA.
The observations forming the basis of the present communication were made upon material provided by the maternity ward of St. Thomas's Hospital. With the co-operation of the nursing staff, blood was collected from the umbilical cords of infants at birth and used for ascertaining the group of the child. Corpuscles for the same purpose were obtained from the mothers as they lay in the wards, and from the fathers on their visits. In this way observations were conducted upon both parents and offspring in ninety-eight cases.
The blood for ascertaining the groups of the infants was collected in a test tube and allowed to clot. The serum was then pipetted off and the corpuscles washed three times in a 2 per cent. sodium citrate solution in normal saline. Blood was obtained from the parents by finger puncture, the drop being collected in similar citrate solution. The serum of the parents was not tested, the group being determined by the reaction of the corpuscles alone.
The actual grouping tests were performed, with slight modifications, in the manner already described by one of us (Dyke [9], [15] ). This involves making a dilution of approximately 1 in 200 of a 50 per cent. corpuscular emulsion in the saline citrate solution and mixing one drop of this with one drop of the serum against which the corpuscles are to be tested. A coverglass preparation is made from this corpuscle serum mixture and examined under the low power of the microscope. No originality is claimed for this technique, but it is believed to give infinitely finer and more clear-cut results than the macroscopic method. The data collected in the present investigation are detailed below (p. 39).
CONSTITUTION OF BLOOD AT BIRTH.
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Whether or not it is justifiable to allocate bloods to groups on the evidence of the corpuscles alone is open to doubt. Happ (1920) [14], who investigated the blood of a number of children at birth and later in life, states definitely that changes may occur not only as the result of the appearance of agglutinins absent from the serum at birtb, but also from the appearance of either or both agglutinable substances absent from the corpuscles earlier in life. This matter requires further investigation, but does not affect the thesis of von Dungern Dyke and Budge: Human Red Cells and Hirschfeld that the agglutinable substances A and B cannot appear in the offspring unless present in the parents. This question and its medico-legal bearing has been discussed elsewhere by one of us (Dyke [15] ).
The present data are summarized and compared with those of Learmonth and Ottenburg below.
The above table shows the results of observations on 213 married couples and 323 of their offspring. In every instance except one there is no appearance of the A or B properties in the offspring without their having been present in the parents. The one exception occurs in Learmonth's series and is marked with an asterisk in the table above. In such a large series one illegitimate offspring can hardly be regarded as constituting a large proportion of the total.
The experimental method is obviously iniapplicable to an investigation such as the present, and such conclusions as can be drawn must be arrived at by deduction. This being so, the figures given above seem to offer reasonable ground for the acceptance of von Dungern and Hirschfeld's hypothesis.
MODE OF INHERITANCE OF GROUPS.
In considering to what group the offspring of any two parents must belong, it must be remembered that it is not the group which is inherited. The dominants A and B and the recessives a and b are the inheritable factors and it is on the presence or absence of these that the blood group depends. For all groups, except Group IV, two or more genetic constitutions are theoretically possible and in determining to what group the offspring of any given parents may belong all the constitutions must be taken into account.
These possible constitutions are as follows: The constitution of the offspring will depend upon that of the parents. So far as groups alone are concerned, ten types of mating are possible, but it is evident from the table of possible constitutions given above, that within all those types, with the exception of IV + IV, many possibilities exist. These possibilities are summarized below:-(1) I + I. The offspring may belong, according to the constitution of the parent and the manner in which segregation of the factors has occurred, to any one of the four groups, either I (AB ab, AB AB, AB aB or AB Ab), II (Ab Ab or Ab ab), III (Ba Ba or Ba ab), or IV (ab ab).
(2) I + II. Here again the offspring may belong to any of the four groups. Leaving aside the possibilities under Group I, the only difference from (1) is that although a heterozygous Group III individual may resuilt, it is impossible for the offspring to be homozygous Group III as in (1) . As pointed out above, however, practically, homozygous individuals are indistinguishable from heterozygous.
(3) I + III. As in (1) offspring of all groups may occur, the only difference, leaving aside the possibilities under Group I, being that' offspring belonging to Group II can only be heterozygous.
(4) I + IV. Again, as in (1) all possible groups may occur in the offspring, the only differences, leaving aside those under Group I, being that offspring belonging to Group II or III must be heterozygous.
The full possibilities of the constitution of Group I offspring have not been gone into, in considering the above four types of mating, since they are so Section of Pathology 43 numerous and since moreover there is some evidence that only one type of constitution actually occurs.
(5) II + II. Offspring must be either Group II (Ab Ab or Ab ab) or IV (ab ab).
(6) II + III. Offspring may be of any group and of any constitution except homozygous Group II or III.
(7) II + IV. Offspring must be either heterozygous Group II (Ab ab), or Group IV (ab ab).
(8) III + IIL. Offspring must be either of Group III-homozygous (Ba Ba) or heterozygous (Ba ab), or of Group IV (ab ab).
(9) III + IV. This mating can only result in offspring of heterozygous Group III (Ba ab) or of Group IV (ab ab).
(10) IV + IV. Both parents in this type of mating are double recessives; no dominant is present in them and such cannot appear in the offspring. Children of two Group IV parents can then only be of Group IV (ab ab).
The above considerations are summarized below:- (1) The agglutinable properties A and B are demonstrable in the blood of the newborn.
(2) These properties A and B in the genetic behaviour are dominants.
(3) The agglutinins a and b are in their genetic behaviour recessives. (4) The properties A and B cannot appear in the blood of the offspring without having been present in the blood of the parents.
The thanks of the authors are due to Dr. J. S. Fairbairn, of St. Thomas The means of a clear and rational comprehension of the significance of the blood groups were first supplied by the work of Hirschfeld and Hirschfeld (1919) [161. These authors, working at Salonica during the war when individuals of many races were gathered there and available for investigation, found that while in races from North and Western Europe the A property was the commoner, individuals bearing the B property became proportionally more frequent as races from the lands to the south and east of Central Europe were investigated. Thus while Group II formed 434 per cent. of the English population and 43 per cent. of the Germans, and Group III only 7-2 per cent. and 12 per cent. respectivelv, the matter was reversed among natives of India who showed 41'2 per cent. of Group III individuals and only 19 per cent. of Group II. Up to the present this work remains almost all that has been done along these lines. Approaching the matter from a somewhat different angle, however, VerzAr and Wezeczky (1921) [17] have investigated the relative proportions of the blood groups in three different types of population all found in Hungary, but racially very different. The first type consisted of the inhabitants of some villages near Buda-Pesth, colonized two centuries ago from Germany; the second of the inhabitants of a Hungarian town, and the last, of the Gypsies who wander through Hungary but do not marry outside themselves. The first population gave a distribution of the four groups, similar to that found by von Dungern and Hirschfeld in Germany; the second showed a distribution of the groups differing from this and approximating to that found among the Turks, while the Gypsies showed a distribution of the groups differing from both of these but approaching that found among the inhabitants of India.
The explanation of these facts offered by L. Hirschfeld and H. Hirschfeld is that the properties A and B respectively are typical of two different sorts of blood, each characteristic of a special type of the human race. They suggest that these two types of the human race may have had separate origins, the one in North-western Europe and the other in Central Asia. Originally the race arising in North-western Europe would have consisted entirely of pure homozygous Group II individuals having the formula Ab Ab, while the Central Asian race would have consisted of Group III individuals, having the formula Ba Ba. By their commingling, these two pure races would give rise to all the four blood groups as we now know them.
POSSIBILITY OF A LETHAL FACTOR.
Here arises a point of some interest. It is obvious that the offspring of the first filial generation resulting from the union of two individuals of the formula Ab Ab and Ba Ba, must all have the constitution Ab Ba-that is to say, they will all belong to Group I. The gametes produced by these offspring will have the four possible formula3 AB, Ab, Ba, and ab. The results of the interbreeding of the offspring of the first filial generation is shown in the chess board below This is an application of Mendel's 9, 3, 3, 1 Law and from it it would appear that in the union of two homozygous individuals of Group II and III, no offspring of Group IV can appear in the first generation, while in the second they can only appear in the proportion of 1 in 16 of the total offspring and 1 to 9 of those of Group I. These considerations would lead us to expect that in a mixed population individuals belonging to Group I would be as common as, if not commoner than, those of Groups II and III. Group IV, consisting of double recessives, mating between whom can only produce other individuals of the same group, is in a different category and will always tend to increase in numbers in a mixed population. Actually such data as are to hand show that in all races, no matter what are the relative proportions of Groups II and III, Group I is always the least numerous. It would seem that some factor exists inhibiting the ready production of Group I individuals while no such inhibition exists in the case of other groups. Some suggestion as to the possible nature of this inhibiting factor is supplied by the known facts in regard to the lethal effect exerted in certain instances by the doubling of the dominant. The classical example of this is the case of the dominant yellow in tame mice. Cu6not [18] first pointed out that the union of gametes each bearing this particular dominant resulted in a non-viable zygote, and ample evidence in support of his thesis has been advanced by American workers. Morgan and his co-workers (1919) [19] have found a number of instances of a similar lethal effect of the doubling of a dominant in the case of the fly Drosophila.
It seems possible that something analogous may occur in regard to the dominants A and B in the human being. Simple doubling of the dominant A or B in the zygote can hardly constitute a lethal factor, as, if it did so, homozygous individuals of Group II or III, with the formula Ab Ab and Ba Ba respectively could not exist. Zygotes containing but one of the dominants as in heterozygous Group II (Ab ab) or III (Ba ab), or containing neither, as in Group IV (ab ab), are also perfectly capable of full development. That is to say of the known formulie we have some containing neither dominant A nor B (Group IV), some containing only one (heterozygous Groups II and III) and some containing one dominant doubled (homozygous Groups II and III).
In all these cases it is to be observed, in the first instance, that a dominant never occurs without its reciprocal recessive and secondly that, for all these formulae, it is possible for segregation of the factors to take place in such a way as to result in two gametes, neither bearing more than one dominant.
Of the four possible formule for Group I the two above propositions hold for one only. The four theoretically possible formulae are AB AB, AB Ab, AB aB and AB ab. In the first formula no recessives are present at all, in the second and third two dominants are present unaccompanied by their reciprocal recessives. In the first formula segregation of the factors must result in gametes each containing two dominants; in the second and third (AB aB and AB Ab), one gamete must contain two dominants. The fourth formula (AB ab) fulfils both propositions and resembles the known existent formulae for the other groups; each dominant is accompanied by its reciprocal recessives and segregation of the factors can occur in such a way as to produce gametes each bearing only one dominant (Ab and Ba). Two possibilities exist: (1) That in Group I only individuals of this last formula, AB ab, exist; and (2) that the three other formulae may exist in individuals, but that the gametes produced by them bearing two dominants are not capable of fruitful union.
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Dyke and Budge: Human Red Cells On this second assumption an individual of the formula AB AB, would be completely sterile, while individuals of the formulae AB aB and AB Ab would produce only half their proper number of fruitful gametes.
Either assumption would account for a relative diminution of Group I as compared to Group IV individuals. Which is correct can only be ascertained by a series of observations of unions involving Group I individuals and such a series, owing to the rarity of Group I, must necessarily be difficult of collection.
